Ovarian cysts remain to be one of the most common and serious problems in reproduction of farm animals, as well as humans. Apart from causing the fall in reproductive potential of the ovaries, occupying the place in which folliculogenesis and oogenesis occur, they also cause hormone imbalances, by preventing corpus luteum formation, hence lowering the amount of steroid hormone production. While singular cysts rarely affect fertility, hormone fluctuations that are associated with their presence promotes their multiplication, which usually has more adverse effects. While the cysts are easily detectable in humans, possessing distinct echography while examined by ultrasound, multiple factors prevent widespread use of effective detection methods among large herds of farm animals. Because of lack of noticeable symptoms of early stages of such malignancies, they rarely get detected before the animal stops to exhibit symptoms of heat. That causes scientific research to be focused on not only methods of detection, but also the ways to negate the effects of ovarian cysts and bring the affected specimen back to reproductive potential. Despite that, high costs of diagnosis and treatment, cause them to be uncommon on commercial farms. As lack of fertility eliminates animals from breeding purposed herds, ovarian cysts persist as a cause of large losses of the animal husbandry business. Continuous research, focused on natural examples of ovarian cysts should be conducted, in order to improve methods of detection, prevention, treatment and recovery from the effects of ovarian cysts.
Physiology and pathophysiology of ovarian follicles
Ovarian cysts are a serious problem in the reproduction of animals and humans. This malignancy is commonly recognized as a cause of increased infertility in commonly bred animals. Cystic ovarian degeneration (COD) is primarily a disorder of the neuroendocrine processes in the female organism [1] [2] [3] [4] .
Ovarian cysts, in pigs, are determined as ovarian follicles having a diameter of 11 to 50mm. There are several types of cysts in the sow. These follicular and luteal cysts that may appear singly, or in large numbers, on the ovary [5, 6] . Follicular cysts are derived from ovarian follicles that have not undergone ovulation. They constantly increase in size, reaching diameter of more than 11mm. In ultrasonography, these structures are characterized by large size, lack of echogenicity and regular circular shape [7] . In addition, follicular cysts vary in the level of wall luteinisation. The wall is made of granulosa cells and follicular sheath and does not show signs of luteinisation. The cystic wall undergoes degeneration and fibrosis with time, leading to the formation of sheath-luteal cysts. They are characterized by follicular growth and luteinisation of the inner cortex, as well as occasional overgrowth of basal granulosa layer. In luteinized follicular cysts, luteinisation occurs in both the granulosa layer and the inner sheath, which results in an increase in the thickness of their walls [5] .
Lutein cysts arise from ovulatory follicles or corpus luteum, with the possibility of detecting them with the help of ultrasonography appearing only in the non-heat period of the next cycle [8] [8] . This type of cyst is a result of hyperplasia and serum-filled vesicle formation. The cyst walls are fibrotic and degenerative [5] . In the ultrasound image, thick walls resemble ovarian stroma, which makes it difficult to diagnose them properly.
Single or multiple cysts can occur on one or both ovaries. They are a common occurrence in pig farms. In the inseminated pig population, this problem affects 1.1 -37% of individuals. Single cysts do not significantly affect the maturation and ovulation of normal follicles. There are also not the cause of estrous cycle disorders in pigs. Only the presence of numerous cysts, with the absence of normal ovarian follicles and corpus luteum, results in periodic or permanent sterility of females [4] .
The lifespan surveillance of ovarian cysts, using USG, on breeding farms is still not widespread. It is because single cysts do not significantly affect the functioning of the ovaries and do not cause disorders in the reproduction of the sow. This causes ovarian ultrasonography to be rarely performed. Observations of pathologic lesions on ovaries are usually performed post-mortem and refer only to the group of individuals eliminated from the breeding. Therefore, they do not indicate how widespread the problem of the presence of ovarian cysts in a given breeding population [9, 10] .
Ovarian cysts are more common in the group of multiparous sows compared to females giving birth for the first time or sexually mature gilts. Most cases of this ovarian pathology involve sows after 6-7 births, which may indicate a close correlation between the occurrence of cysts and the age of females. Females whose lactation lasts for less than 17 days are particularly vulnerable, to that malignancy, as well as those whose heat has occurred 3 days after weaning [11, 12] .
Pathogenesis of cysts formation
The problem of ovarian cysts has not been fully explained. Causes of ovarian cyst formation are seen in disorders of the control of normal development of ovarian follicles and ovulation. Mammalian reproductive activity and associated ovarian function are influenced by hypothalamic-pituitary-ovary hormones, ovarian steroid hormones, and local auto-and paracrine-based protein factors. The term "disturbance in hormonal balance" is used when describing this kind of pathologies [13] . Endocrine dysfunctions in the transition period after the completion of lactation, in particular the inhibition luteotropic secretion (LH) from the pituitary gland are considered a major cause of ovarian cyst formation. It was found that the LH content of pituitary glands of sows with ovarian dysfunction was 13.6 mg / g dry weight, compared to the normal with 8.8 mg / g dry weight. Disturbances in the pulsatile GnRH secretion from the hypothalamus can also lead to dysfunction in the appropriate secretion of LH, and consequently, to a decrease in pre-ovulatory discharge of this hormone. Endocrine dysfunctions cause e.g. disorders in the development of ovarian follicles, ovulation inhibition, and eventually ovarian cyst formation. A "vicious pathogenic cycle" occurs, through negative hormonal feedback on the ovary-pituitary-hypothalamus axis [4] .
Stress adversely affects the proper functioning of the reproductive organs, especially the process of follicular formation and ovulation. Under the influence of stress, activation of the hypothalamic-pituitary-adrenal axis occurs, which leads to the release of ACTH, which stimulates the secretion of glucocorticoids from the adrenal glands. Cortisol is the dominant glucocorticoid in the pig. Its high level may be one of the causes of ovarian cyst formation. In the case of females, that showed no heat symptoms after weaning, elevated blood levels of cortisol were observed, coupled with low levels of LH., ACTH, administered during the follicular phase, caused the inhibition of heat symptoms and development of cysts on the ovaries [9, 13] . In females with removed adrenal glands, on the other hand, ovarian cysts were absent [14, 15] . This fact led to the hypothesis that the direct effect on the for-mation of ovarian cysts in the sow is not caused by ACTH, but above all by high levels of cortisol. The glucocorticoids, secreted during stress, interfere with the feedback mechanism of estrogen on the hypothalamus and pituitary gland, which inhibits the secretion of GnRH and LH from the anterior pituitary gland. Cortisol causes an increase in androgen synthesis by the sheath cells, which leads to an increase in their level in blood and tissues. During stress, in the cells of the granulosa cell layer of ovarian follicles, inhibition of aromatase enzyme activity and estrogen synthesis occur simultaneously [16] .
The formation of ovarian cysts is also supported by the administration of exogenous progesterone during the follicular phase of the estrous cycle of the sows. The experimental administration of ACTH, during lactation and in heat, caused not only the increase in the level of cortisol, but also progesterone of adrenal origin. Progesterone inhibited the anterior pituitary gland, leading to disturbances in the release of FSH and LH, and inhibited ovulation [1] . In addition, the use of exogenous gonadotropins such as PMSG, hCG, LH and FSH may lead to disturbances in the process of folliculogenesis [16] .
Restrictive nutrition may be an important reason for changes in hormone secretion in the hypothalamus-pituitary-ovary axis. Excess of leguminous plants and goitrogenic (antithyroid) feeds in the diet, may have a negative effect on the course of estrus cycles and reduce the fertility of sows. It was found, that this diet reduces the secretion of LH and release of GnRH, which leads to impaired ovarian activity. It is assumed, however, that there is no high correlation between the development of ovarian cyst and feeding of the animals [11] .
Thyroid hormones are also one of the factors controlling the course of the estrus cycle, the development of ovarian follicles, secretory functions of the granulosa layer and ovulation. These hormones regulate the actions of the pituitary gland and the production of gonadotropin receptors in the ovaries. Disorders of the thyroid-ovary axis result in a decrease in the level of sex hormones in blood and inhibit the rise of estradiol levels in the pre-estrus period [16] .
The development of ovarian cysts and the occurrence of polycystic ovary syndrome (PCOS) in sows, may be influenced by other factors, other than hormonal. One of them may be the overexpression of the IGF-1 growth factor, which acts as a paracrine modulator, affecting gonadotrophic hormones in the ovary [17] . In humans, mutations in the INSR insulin receptor gene have also been demonstrated in patients with polycystic ovary syndrome. When disturbances occur in the INSR gene, abnormal ovulation and, as a result, improper maturation of the oocyte occurs [18] . An interesting aspect, that requires testing, is the INHA gene, as its mutation leads to ovarian failure and other abnormalities in the function of these gonads [19] .
The main clinical symptoms of ovarian cysts
The lack of specific symptoms characteristic for the occurrence of ovarian cysts is a difficulty in recognizing this pathology in pigs. In individuals with ovarian cysts lack of heat, regular or irregular repetition of heat and extended estrus cycles were observed. In the case of irregular cycles, the breaks were 25 days and more [9, 20] . In addition, sows with several cysts (<10 cysts / animal) had regular estrus cycles because both "healthy" (ovulatory) and pathologically altered ovarian follicles coexisted within their ovaries. However, these animals were characterized by reduced fertility and reduced number of piglets in litters. In contrast, in sows with numerous, abnormal follicles (> 10 cysts / animal) disturbances in the course of folliculogenesis and oogenesis were observed [9] .
The presence of cysts on the ovary leads to a reduction in the number of ovulating follicles in a given estrous cycle, as well as changes in the behavior of the sows. Lutein cysts inhibit heat behavior, while follicular cysts increase it [9] .
Occurring ovarian cysts can undergo spontaneous atresia during the period of 15-18 days. Sometimes, however, they can stay on the ovary for 50 days or longer. After ovarian cyst atresia, delayed heat, ovarian follicle ovulation and formation of the corpus luteum occurs. However, the return to normal ovarian activity is hampered by persistent disturbances in the hormonal balance of females that may contribute to ovarian cyst regression [21] .
The occurrence of pathological changes on the ovarian surface is also important for scientific research, as it was noted, in the ovaries of bitches, that the presence of ovarian cysts correlates with collection of less COCs less than the physiologically normal ovarian [22] .
Ovarian cysts diagnostic and treatment in mammals
The lack of typical symptoms of ovarian cysts and the limited possibilities of clinical examination of reproductive organs in sows on breeding farms make it difficult to diagnose the disease on a lifetime basis. Diagnosis of cystic ovarian degeneration syndrome (COD) is carried out on post-mortem or during life. Intravital methods used to determine disorders in ovarian activity include rectal ovarian examination and ultrasound [9] . For experimental purposes, laparoscopy and laparotomy are also used. Palpation of the ovaries and uterus by the rectal method is not widely used due to the porcine pelvis being too narrow [23] .
The most useful way to diagnose ovarian pathologies appears to be transrectal ultrasound and more often used -abdominal ultrasound examination. In the ultrasound image, ovarian cysts are characterized by different shape, wall thickness and size. Follicular cysts are smooth-walled structures with thin walls. Lutein cysts, however, have clearly thickened walls. Disturbances in the ultrasound image in regards of quantity and type of ovarian cyst occurring may result due to excessive fat. However, this does not change the fact that ultrasonography is a good diagnostic method, useful for the early detection of this disorder. However, the widespread use of ultrasound examination for monitoring of disturbances in ovarian activity in sows in field conditions remains negligible [24, 25] .
Diagnosis of ovarian cysts only on the basis of blood tests is not very reliable. It has been shown that high hormone levels including progesterone, cortisol and estradiol in the blood are similar in sows with ovarian cysts and in females with normal ovarian follicles in the diestrus phase. However, with the help of the assessment of blood progesterone concentration and ultrasound examination, the presence of cysts in the ovaries of the sows can be confirmed [16] .
In cows, disorders in the secretion of GNRH and LH are the reason for the formation of ovarian cysts. In therapy, it seems natural to use preparations containing GnRH to stimulate the pituitary gland and the secondary release of LH. Drugs containing human chorionic gonadotropin (hCG) are also characterized by high reliability, but the high price limits their widespread use. Exogenous GnRH stimulates the secretion of LH and FSH from the pituitary gland, which in turn leads to the luteinisation of ovarian cysts under the influence of LH and recruitment of a new wave of follicles (effect of FSH). Ovulation, formation of a functional corpus luteum at the surface of the ovary, and in the next step, development of the dominant follicle occur due to that processes. After application of GnRH the animals show symptoms of heat in 13-23 days. In order to shorten the period of reproductive recovery, it is recommended to administer PGF2α approximately 7-9 days after GnRH. Cow under the influence provoked luteolysis, begins heat after 3-5 days. In order to suppress recurrences of ovarian cysts after treatment with GnRH and PG-F2α, ovulation should be induced with GnRH or hCG again. Studies confirm the high effectiveness of this program in the treatment of ovarian cysts in cows [26] [27] [28] . PGF2α is also used in the therapy of lutein cysts, where its administration results in luteolysis of cysts and reduction of high levels of progesterone. This enables re-growth and ovulation of the dominant follicle. However, this model of hormone therapy is "reserved" only for cases of recurrent ovarian cysts or for cows with high genetic value.
In sows with experimentally induced ovarian cysts, different doses of GnRH were used in therapy. However, the effect was not entirely satisfactory. Attempt of corpus luteum lysis by hCG, turned out to not be useful in practice. The use of chorionic gonadotropin only gave a positive effect after previous laparotomy. PGF2α was also used for the treatment of ovarian cysts, but a positive result was obtained only in the case of large follicles. The action of PGF2α is related to the degree of luteinisation of the cystic wall, hence the effects of therapy were unsatisfactory in small follicular cysts [5, 21] .
Influence of ovarian cysts on animal healtheconomic features
In recent years, there has been an increase in disturbances in cyclical ovarian activity, leading to, among others, the occurrence of ovarian cysts. In cattle breeding herds, the scale of occurrence of this complication is estimated at 15% [29] , in sows 2.4-40% [4] . In women, this disorder affects about 6-8% of the population [30] . The presence of single cysts on the ovaries does not lead to disturbances in ovarian activity. In sows with a single ovarian cyst, a comparable number of corpora luteum was found, as in females with normal ovarian follicles [31] . However, sows with polycystic ovary syndrome (PCOS) usually remained sterile. In sows with numerous ovarian cysts in 68% of cases, no heat symptoms were recorded, 19% showed regular heat and irregular estrus cycles were reported in 13% of females [32] . In addition, it has been shown that as the number of cysts on the surface of the ovaries increases, the number of corpora luteum decreases as well. Disorders in ovarian activity may lead to a decrease in the number of births, and piglets in a litter, which effectively reduces the profits from breeding [7, 31, 33] . The constantly increasing number of animals removed from the herd for breeding defects reasons, resulting from the still ineffective method of treatment of ovarian cysts, causes higher economic losses. There is still a small amount of information on the etiology and pathogenesis of this disease in swine [34, 35] . Most of the research so far has been carried out on gilts with experimentally induced cysts. In farm conditions, however, the disease affects mainly older multiparous sows [4] .
Conclusions
While there knowledge about the ovarian cysts and their effects on the reproductive processes is constantly growing, there is still no solution to the problems associated with this disease, that affect especially animal husbandry industry. Rapid ultrasound diagnosis facilitates early diagnosis of females affected by this disorder, but it is not being widely performed, due to the lack of non-expensive methods that lead to elimination of the malignancy and fast recovery. However, the development of research on the causes of ovarian cyst formation may in the future lead to the development of an effective therapy method and significantly reduce the percentage of animals eliminated from breeding.
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